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Devices (PLDs) in read-out
of high speed detectors
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PLD Building Blocks
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Device Features

Table 1. FLEX 10K Dewvice Features

Feature EPF10K10 EPF10K20 | EPF10K20 EPF10K40 | EPF10KS0
EPF10K10A EPF10K20A EPF1oKs0W
Typical gates (logic and RAM) (1)

Maimum system gates 63,000 03,000 116,000
Logic demerts (LEs) mm

Maximum user /O pins



PLD Features

(cont)
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/O Protocols

True-LVDS Solution

m | Ghps per channel

m VDS, IWPECL, PCML, and
HyperTransport 1/0

N — W 36 input and 36 output channels
e

Clock-Data
Synchronization
Differentiol |
Transceiver

Flexible-LVDS Solution
m 24 Mbps per channel

m LVDS, LVPECL and Hyper- I—‘
Transport 1/O ‘,-'P PHY-Link Layer Interface

m UTOPIA LT, 12, L3, and L4
channels ASSP  wm POSPHY 12, 13, ond L4
W Flexbus L3 and L4

W 88 input and 88 output

Host Processor Interface
B RapidIOC

B HyperTranspart

m PCIX

Memory
laterfu
Memory Interface

m 5DE and DDR SDRAM

B DDR FCRAM
m QLR ond ZBT SRAM

Switch Fabric Interface
m C3lX




Design Entry




Plug In Mana

e Wwhich megatunction would vou like to customize How wide shauld the FIFO be?  [B ] bis
Rl RIS megafunction fram the list at left How deep should the FIFO be?  [256 ] words

Do you want a common clock for reading and writing the FIFO? -

15 : : =
: .{J LPt_ADD_SLB _:__] YWhich type of output file do pou want to create’ 5 e bt b e ar Ak
5 H{j LPM_COMPARE & AHDL data[7..0] of7.0] Create one set of full/empty control signals.

“f# LPM_COUMTER <. I ; ; e N
:” ,.{..1 LF'M_D|'-\,|'|DE ~ VHOL wrrer full ] :izhzjér;ii};rlimze 1eading and writing to ‘rdclk’ and wrelk!,
{ ”{‘j - ' : ridrec empty : Create a set of full/‘empty contral sighals for each clock.
“ola] LPM_MULT Yenlog HOL 55 usedw(7 0] : ;
=] <E gates

CLE LPM AND YWhat name do you want For the output file’? g bits x 256 words

LPM_EUSTRI c:hepdimuon_chtimas2 i i e : |
LPh_CLSHIFT ok
LPM_COMSTANT Mote: To compile a prqiect success_full_u i th!e bl ) e I < Black J Nest > J Finish I
LPt_DECODE goftware, your design files must be in the project d

a uzer brary that wou zpecify with the Uszer Libranes
LPM_INY command [Jptions metu).
LPhA_bALE<

LPM_OR ' ' . y
Your current uzer librany directanies are;
LF'|"-"|_><|:| A —*Which optional output contral zignals do you want? -

=& storage &

2] Dualport Rk . ¥ empty
n{j FIFO ;: V¥ usedw(] [number of words in the FIFD)

121 | Phd FF _fj data[7.0] a7 .o Mate: You zan use the M5B to generate a half-full flag.
[»

[~ almost full
WTTE full = becomes true [1] when usedw(] iz greater than or equal to J_
rorec empty i [ almost empty
clack usedw{7..0] becomes tiue [1] when ugedw(] is lessz than ]_u
Cancel ‘ ¢ Back ] et > ] :

<

[ Asynchronous clear
| [ Synchionous clear (flush the FIFO]

& bits x 246 words]

Cancel ] < Back ] Mest | Finish ]




Mega Functions

Megafunction Name
VYendor

10/100 Ethernet MAC

ABRMIZ2T

l‘q e

Avalon Interface to User Logic

Altera

Aval
Altera

Avalon O I

Avalon SDRAM Controller
A ] n

Free
Evaluation

=
=]
=

Certifications

*C Builder

Atlantic
Compliant

C Builder

'C Builder
Ready

IPC Builder
eady

*C Builder

*C Builder
Feady

Device Familes Supported




Design Verification
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PLD Design Flow

Design Entry
& PLD Design —=  Synthesis —= Place & Route —= /AR50,
Features

—ljl Verification j




PHENIX Muon Tracker

PHENIX Detector

Side View

Central Magnet




Muon Tracker Crate




Cathodes Read-Out Card
(CROC)

m Design Requirements

= 64 Channel Readout per CROC

m Less than 3125 electrons (RMS) noise
for 10-150 pF of detector capacitance
(including 24” cable) e

m Less than 1% crosstalk between any
channels on the board

= gain: 3.5mV/fC
= Digital/Analog isolation

= Main Componenrts

= AMU-ADC
m CPA




Controller Card (CNTL)

m Design Requirements

= Control AMU/ADC data collection, T
conversion and read-out TR

—

= Provide connection to 2 CROC boards - 0

o A ENTAR AR AT R
o T U e

= Provide connection to the outside world
m Support the T&FC and DCM interface

= Provide data relay from remote controller
board to DCM

m Support ARCnet connectivity to serial
configuration bus

m FPGA - the brain

m developed by Jack
= work in progress CNTL Card




Muon Tracker Crate

Block Diagram
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Requirements for
Muon tracker PLD

m Trigger rate 25Khz

= 4 samples per pulse

= Sample new data on every beam crossing

= Holds 5 events

= 100ns between triggers (burst rate)

= Control digital part of AMUADC -RD-WR
= Send data to DCM

= Allow for Master and slave modes



Muon Tracker
PLD Programming Difficulties

m Board already designed

= PLD already chosen (FLEX10K50E)
= Pins allocated

= PLD to small

= Overlapping events
s AMUADC noise problems
s AMUADC requires special RD WR sequence
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Figure 5. FLEX 10KE EAB Memaory Configurations




Memory Requirements

m 4 samples per event
= Need to be able to store 5 events
m Each sample is 11bits

m 32 channels per AMUADC
= 4 AMUADC PER CNTL 128 channels

28160 BITSTOTAL



Memory Implementation

DUAL PORT RAM
512kX44

Used 9 EABs

*Only 1 EAB left for
PLD agorithm

e Lost 8704 hits

20 POSSIBLE LOCATION TO STORE SAMPLES TO COVER 5
EVENTS 4 SAMPLES WITH UNIQUE CELLS

s|s s
Ala A
MM M
PP P
L|L L
E|E E
3|4 6

ormrTEZ >0
PemMETE >0
NREMETZ >0
wemETE >0
AemMETE >0
GemETZ >0
ormMETE >0
NemETZ >0
ormMFTE >0
©rmETE >0
ovmETE >0




AMUADC cell
Writing & Reading

SINGLE EVENT

STORES ANALOG
VALUE
EVERY BEAM CLOCK

[112/3]415/6]7|819]10]11]12|13]14|15[16]17|18]19]20.......|60|61]62]63]64]
|1]2]3|4/5/6|7|8|9|10]11|12|13|14|15|16]17|18|19]20]......|60|61|62|63|64]

40 beam clocks TRIGGER
back LVL1

|1|2/3]45/6]7|8/9]10]11|12|13|14|15]|16]17|18]19]20]......|60|61|62]63|64|
SAMPLES 101112 15

|1]2/3]45|6/7|8|9|13|14|16|17|18|19]20|.......|60|61|62|63|64]

AFTER CELLS SELECTED THEY ARE REMOVED TILL
CONVERTED AND STORED THEN THEY ARE PUT BACK



Overlapping Events

) / OVERLAPPING

EVENT

4’! STORES ANALOG VALUE
iy | EVERY BEAM CLOCK
v
|1/2|314/56|7|8|9]10]11|12|13|14|15|16]|17|18|19]20]... ...|60|61|62|63|64|
11|2|3]4|5|6|7|8|9|10|11|12|13|14|15|16|17|18|19]20)|......|60|61|62|63|64]|
TRIGGER
40 beam clocks LVL1 % el LAmaR

back

|1|2|3|4|5|6|7|8|9|10|11|12|13|14|l5|16|17|18|19420| ...... |60/61|62|63|64|
SAMPLES 10 11 13 15
SAMPLES 14 1517 19

|1]2/3]4/5/6]7|8|9]12|16|18|20)]......|60|61|62|63|64]

AFTER CELLS SELECTED THEY ARE REMOVED TILL
CONVERTED AND STORED THEN THEY ARE PUT BACK
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MUON TRACKER
PLD

AMU ADC
CONTROLLER

DATA AMU ADC
READOUT CELL

A MANAGER




AMU Cell Manager

DELAY

TILL
CONVERSION
ENDS

amu cell add

amu cell add

amu cell add

amu cell add

amu cell add

BERANEe

amu cell add

counter.
start on level 1
ligh




AMUADC Controller

logic
logic
logic
logic
logic

logic

logic
CONTROL
LOGIC
logic
MEMORY
LOCATION

COUNTER



Read Out Manager
partl

6 bit
dflip

counter :
0-19 6 bit

dflip

6 bit
dflip

6 bit
dflip

6 bit
dflip

6 bit
dflip

6 bit
dflip




Read Out Manager
part2

compare
compare
compare

compare

compare

LOGIC

.

clk
COUNTER

0to 19




Read Out Manager

Part3
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DCM Output Manager

MUON
DATA

Add out
counter
0to512

21 bit
transiver

I/0

AUX
PORT

Master Slave select



Compilation Result

Total

input pins
input I/C =] rs redquired:

compilation

5 required:
required:

LCs
Utilized

cntl_pld EPFLO
User Pins:
number of
number of
number of
cells
er of
single-pin Clock E reguir
put Er required:
ed for fitting:

o

0Qom




Current code

Hame

RADDGEM[E:0]

RADDEN
TFC_CLK
DCM_CLK

W_ADDR
FR_ADDR
ADDR[E:0]

FSC
(=
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=
= MR
=5 MULST2(5D) onr o ome X7 [ omm [ xComw am ane ) [ asw X iia InE CImE =
=1 SAN L B
= L]
- \
- STARTOMNY L
B
H o rrrrrurr e rrrerert rertrnrr
- o0 e e e e o e rr
= ! e
=4 M ~0oR OB e OE  CE  OETENNE  (BY (OE O (TR TR T oy
= aNTL3 I
il auTLo [ A S e | I S o N = S i
S A [y S Sy S ey
L | | | 1 | | | | | 1 i | |
L | | 1 | | | 1 | 1 I | 1 |
|
|

DCh_DATA1S I I
DCMW_DATA K OEOEXH K IEFTITH




Muon FEE

m PLD - current code
m store every beam crossing
= 4-sample per pulse
= readout time 53uS
= hold 4 events

10:59:57 TI me
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